Abstract Massive interest in geo-referencing of personal resources is evident on the web. People are collaboratively digitising maps and building place knowledge resources that document personal use and experiences in geographic places. Understanding and discovering these place semantics can potentially lead to the development of a different type of place gazetteer that holds not only standard information of place names and geographic location but also activities practiced by people in a place and vernacular views of place characteristics. In this paper, a novel framework is proposed for the analysis of geo-folksonomies and the automatic discovery of place-related semantics. The framework is based on a model of geographic place that extends the definition of place as defined in traditional gazetteers and geospatial ontologies to include the notion of place affordance. The derived placerelated concepts are compared against an expert formal ontology of place types and activities and evaluated using both a user-based evaluation experiment and by measuring the degree of semantic relatedness of the derived concepts. To demonstrate the utility of the proposed framework, an application is developed to illustrate the possible enrichment of search experience by exposing the derived semantics to users of web mapping applications.
Introduction
Geo-tagging of resources on the web has become prevalent. Geographic referencing has evolved to become a natural method of organising and linking information with the aim of facilitating its discovery and use.
GPS-enabled devices allow people to store their mobility tracks, tag photos, and events. In response, many applications on the web are enabling geo-tagging of resources, e.g. geolocating photos on Flickr 1 and tweets on Twitter 2 , and people are collaboratively building their own map resources and gazetteers (e.g. GeoNames 3 and OpenStreetMap 4 ). Whereas typical place name resources provided by mapping agencies, referred to as geographic thesauri, record the name and map coordinates of a place, collaborative mapping on the Social Web provides an opportunity for people to create maps that document their social and personal experiences in a place. Thus, university buildings may be a place of work and study for a group of people, a conference venue for another group, and a sports facility for a different group. Understanding and encoding the information provided by users for place name resources can eventually result in a different type of place gazetteer that documents not only where a place is located but also what happens at a place, and hence providing an opportunity for a much richer, and possibly personalised, search experience. In this paper, we focus on geo-folksonomies created on web mapping applications. A geo-folksonomy records the tags used by users to annotate place resources on geographic maps. Some examples of applications that generate such folksonomies are Tagzania 5 and Wikimapia 6 . Research on folksonomies produced methods for tag analysis that mainly reflect the frequency of utilisation and association of tags to resources [40] . Further analysis of these tags can be done to discover semantic relationships and thus build taxonomies to reflect vocabulary of annotation for different contexts [9, 31] . These methods can be very helpful in guiding the search and querying of these resources and the visualisation of their content [13] . Two categories of semantics associated with geographic places can be identified; spatial semantics and non-spatial semantics. Spatial semantics are those related to the definition of spatial location, boundaries and shape of the geographic place.
Non-spatial semantics are used here to refer to other properties of a geographic place that are not spatial, e.g. a place name or type. Recently, some efforts have targeted the identification and discovery of the spatial aspects of place definition from web resources [19, 37] , as well as some nonspatial aspects, such as vernacular place names. The notion of place affordance, defined as the purpose the place serves for its users or the activities that can be carried out in a place is recognised as an important dimension of place definition in the geo-community. Whereas some general or standard notion of affordance can be associated with a class of geographic places, for example, associating a school with learning and teaching and a bank with money lending, etc., different individual experiences of users for the same place can be recognised and identified by analysing their tagging behaviour of place resources on the Social Web. In this paper, a framework is proposed for discovering non-spatial place semantics in geo-folksonomies. The framework is based on a model of place that encodes the notion of activities and services afforded by a place, as well as users' sentiment reflection of experience in a place. The work builds on and extends existing work on folksonomy analysis and suggests a geographically oriented and semantics-guided approach to tag resolution and ontology building from geo-folksonomies. Due to the nature of data collection and the inaccuracy of resource allocation by users, an important initial step was needed to cluster place resources and reconstruct the geo-folksonomy. Existing ontological resources are used for matching and identification of place type and activity concepts, and statistical methods of folksonomy analysis guide the discovery of relationships between activity and place type concepts. A realistic geo-folksonomy resource is used for evaluation. The resulting place activity and place type ontologies are compared against standard ones developed by experts and used by national mapping agencies. A user-based evaluation is carried out to establish the validity of derived ontological relationships. The utility of the proposed framework 5 http://www.tagzania.com. 6 http://www.wikimapia.org/.
is demonstrated with a prototypical application that projects the discovered place semantics alongside the traditional tag clouds associated with place resources in geo-mapping applications. Results illustrate the potential of the approach for the dynamic discovery of user-induced place semantics that essentially offers a different and complementary view to that provided by traditional formal place information resources.
The rest of the paper is structured as follows. Related work on folksonomy analysis and semantics of geographic place is reviewed in Sect. 2. A model of place that encapsulates the notion of place type and affordance is presented in Sect. 3. A framework for inferring a place ontology from a geo-folksonomy is proposed in Sect. 4. Data collected and evaluation experiments are described in Sect. 5. An example application to demonstrate the utility of the approach is presented in Sect. 6 and conclusions and an overview of future work are given in Sect. 7.
Related Work

Folksonomy Analysis
Vast amounts of data are generated by users' collaboration and interaction on Web 2.0 applications. For example, Flickr has thousands of photos uploaded every minute (about 4.5 million daily) 7 . The folksonomy structure generated by these applications is made up of three entities; users, resources and tags, as well as relationships between them [17] . Recognising the value of the implicit semantics in these data, research work has recently been targeted at extracting and structuring these semantics [9, 22, 38] . Semantics extracted from folksonomies capture users' perception of a specific domain, which can be different from the formal information models representing that domain. Such semantics can be utilised to enhance the user experience on the web, e.g. semantic tag recommendation systems [3] . Different statistical methods are used to build taxonomies or thesauri of concepts from these folksonomies. For example, Mika [26] introduced a method based on social network analysis (SNA) which makes use of different relationships between all the entities in a folksonomy. Other research works focussed mainly on analysing relationships between resources and tags and ignored the user dimension. For example, Schmitz [34] introduced a probabilistic model of subsumption, based originally on a subsumption model by Sanderson and Croft [33] , to extract the parent-child relationships between tags and resources. The work in [24] considered the user dimension by introducing a pre-processing (aggregation) step, where the folksonomy is transformed from the tripartite structure of users, tags and resources to a bipartite structure of tags and resources while the users' relationships are represented as weighted edges between tags and resources.
In general, semantics captured from folksonomies are represented in the form of a thesaurus, where relationships between concepts are defined by the monolingual thesauri standard (ISO 2788), such as "broader than", "narrower than" and "related to".
Semantics of Geographic Places
Basic geospatial models of geographic space capture the notion of geographic features and their identity. This is achieved through reference to properties defining locations of features in space and their geographic classification or type. For example, the OGC reference model (ORM) 8 provides a general feature model designed to characterise features, feature types and the relations between features. Over the past decade, there have been many different attempts to create a geospatial RDF standard to support the representation and sharing of geo-referenced information on the web. Several different organizations including the W3C, research groups, and triplestore vendors have created their own ontologies and strategies for representing and querying geospatial data. For example, the Basic Geo Vocabulary was proposed by the W3C Geospatial Incubator Group 9 .
It follows the GeoRSS feature model 10 to allow for the description of points, lines and polygon geometries and their associated features. The group also produced the GeoOWL ontology 11 which provides a detailed and flexible model for representing geospatial concepts [6] .
The above approaches focused primarily on modelling the spatial aspects of geographic features, particularly capturing the location and spatial extension of features in space. Recently, collaborative web mapping applications have emerged where users are contributing to the development of web gazetteers as well as providing detailed descriptions of places and related information. A prominent example of a web gazetteer is GeoNames, currently containing around 10 million 12 geographic names. Also, several research works have considered the problem of building gazetteers from user-generated data on Web 2.0 [31] . On the Semantic Web, place name (or toponym) ontologies are employed to facilitate the utilisation of gazetteers to support geographic information retrieval (GIR) tasks, such as disambiguation and expansion of terms in search engine queries [1] . Ballatore and Bertolotto [5] to inform spatial exploratory queries by providing a view of the semantic content of the spatial data of interest to the user.
An ontology of place names is defined as a model of terminology and structure of geographic space and named place entities [1] . It extends the traditional notion of a gazetteer to encode semantically rich spatial and non-spatial entities, such as the historical and vernacular place names and events associated with a geographic place [29] . In addition to place qualification using place type categorisation, qualitative spatial relationships commonly used in search queries, such as, inside and near, are also modelled to relate place instances.
Functional differentiation of geographical places, in terms of the possible human activities that may be performed in a place or place affordance, has been identified as a fundamental dimension for the characterisation of geographical places. For Relph [32] , the unique quality of a geographical place is its ability to order and to focus human intentions, experiences, and actions spatially. It has been argued that place affordance is a core constituent of a geographical place definition, and thus ontologies for the geographical domain should be designed with a focus on the human activities that take place in the geographic space [20] . The term "actiondriven ontologies" was first coined by Camara et al. [7] in categorising objects in geospatial ontologies. Affordance of geospatial entities refers to those properties of an entity that determine certain human activities. In the context of spatial information theory, several works have attempted to study and formalise the notion of affordance [35] . The assumption is that affordance-oriented place ontologies are needed to support the increasingly more complex applications requiring semantically richer conceptualisation of the environment. Realising the value of the notion of affordance for building richer models of geographic information, the ordnance survey (OS) (the national mapping agency for the UK) proposed its utilisation as one of the ontological relations for representing their geographic information [15] and made an explicit use of a "has-purpose" relationship in building their ontology of buildings and places 13 .
The work in this paper combines and extends research works in the general area of folksonomy analysis and the area of discovering place semantics from web resources. A model of place is utilised that captures, in addition to basic spatial representation of location, the notion of place affordance. The model then serves as a base for a framework that follows a geographically oriented approach to discover semantics from folksonomies. The results of this work also complements efforts in building gazetteers of geographic features from user-generated data. 13 http://www.ordnancesurvey.co.uk/oswebsite/ontology. 
Modelling Place Semantics
Geographic places are normally associated with specific functions, services, economic activities or other human activities that they provide to individuals. This dimension of a geographical place definition is typically evident in catalogues of place type specifications produced by national mapping and other geographic data collection agencies, and are used for the purpose of classification of place entities. For example, the following descriptions are parts of the definitions associated with place types in the OS Mastermap specification 14 : Amusement park: a permanent site providing entertainment for the public in the form of amusement arcades, water rides and other facilities; a Comprehensive school: a state school for teenagers, which provides free education.
Whereas these formal classifications of place types and services are useful and needed for many contexts, they are general and are not intended to capture any specific experiences of users in a place. There is an emergent need for recognising and sharing the experiences of people in geographic places, evident from the ever-growing volumes of data and applications that allow users to check-in and tag places. Such experiences are associated with particular instances of geographic place and may not be generalised.
Proposed Place Ontology
In this work, we adopt a model where a geographic place can be associated with possibly multiple place types and place activities. Place types and place activities may themselves form individual subsumption hierarchies. A place type may be associated with more than one type of activity and vice versa. A distinguishing characteristic in this model is that it allows for a specific place instance to be associated with an activity that may not be derived from its association with a specific place type. Hence, for example, a specific instance of a school may be associated with several place types, such as, primary school, public school, nursery, from which it can derive activities, such as learning and teaching, but also be associated with activities, such as, dancing, weight training, and adult education, where it offers external services to the community after school hours, etc. The former list is derived from the association with a particular place type, but the later list may come from direct annotation by users of the place. The model is encoded as a place ontology as shown in Fig. 1 .
The ontology contains three concepts: Place, Place Type and Place Activity as well as properties and inter-relationships between them. The spatial location of a place is modelled by extending the WGS84 SpatialThing concept to inherit the spatial properties lat, long. A Place has a name and possibly 0 or more alternate names and may be involved with different types of spatial relationships with other place instances. Spatial relationships are adopted in various proposals of place ontologies such as in SPIRIT [18] , TRIPOD [2] and GeoNames. It is noted that the ontology extends previous proposals, for example, that of the ordnance survey building and place ontology (OSBP) 15 , where a similar notion of place activity is explicitly modelled and associated with a place type through a relationship "has-purpose". The difference in this paper is that a place concept is introduced which also exhibit separate relationships between types and activities. In addition, inter-relationships between place types and place activities were not modelled in the OS ontology.
The design of the place ontology is implemented using OWL and all classes and properties are qualified with the prefix po 16 . Note that in general, the associations in this model are dynamic as accumulation of users' experiences and annotation accumulate. Hence, the relationships po:hasPlace Fig. 2 The process of building a place ontology from a geo-folksonomy Type, po:hasPlaceActivity and po:relatedPlaceType would be time stamped. However, the time aspect is not considered in this current work and is the subject of future research.
A Framework for Discovering Place Semantics from Geo-Folksonomies
The goal of the approach proposed here is to derive an understanding of implicit place semantics from geo-folksonomies. Starting with "raw" folksonomy resources, the framework proposed involves three main stages: (a) folksonomy preprocessing, (b) tag resolution, and (c) semantics association and ontology building. A particular characteristic of geofolksonomies is the possible redundancy in place resource creation and the resulting fragmentation of folksonomy relationships that can affect the quality of the analysis. The first stage in the proposed approach thus involves two main tasks; (a) cleaning the tags to filter out noise such as stop words, and (b) clustering of place resources and the reconstruction of the folksonomy structure. The tag resolution stage involves domain-dependent analysis tasks for resolving and isolating tags that refer to domain concepts. The approach proposed here is to utilise existing domain ontologies for matching domain concepts. In our case, the process involves identification and building place type and human activity ontology bases and using those as reference sources for matching against the tag collection. The final stage is the semantics association and ontology building stage, where the individual identified domain-dependent tag collections are first analysed to derive relationships and create ontologies using the folksonomy structure. In our case, a place type sub-ontology and a place activity sub-ontology are created to represent a folksonomy-specific view of these concepts. A tag integration process is then applied to link the tags from both subontologies using the inherent folksonomy relationships. The resulting structures are associated with the clustered place resources from the first stage and used to populate the place ontology. Further semantic analysis can be applied to the tag collection. Here, a sentiment analyser is developed to esti- mate a sentiment score for each place resource. An outline of the framework is shown in Fig. 2 and the different stages are described in more detail below.
Folksonomy Pre-processing Stage
A data collection process is first used to build a local geofolksonomy repository. A crawler software is developed to process pages from Tagzania 17 . Tagzania is a geo-social tagging application where users are able to collaboratively create and annotate geographic places on a background map.
Tag Cleaning
Social tagging applications do not normally support input validation on the tags provided by users. This model of interaction is intentional and is expected by users to increase flexibility of use. Table 1 lists some identified problems in the tags and examples thereof.
Other mis-conceptions of tag usage include wrapping a whole sentence in quotes. For example, a tag such as "this is my house" will result in four separate tags for each word (including the quotes) in the sentence. The cleaning process used here involves the following sequence of steps: Language-related issues such as synonyms, homonyms and dialects are not considered here, but can be considered in a more detailed tag cleaning process in the future.
Clustering Place Resources
Implications of uncontrolled data input in geo-tagging applications can affect the accuracy of the place resources defined and used. In particular, imprecision is evident in two aspects of place definition as follows:
1. Imprecise place locations, where users do not have the knowledge (or keenness) to define and digitize a precise location for a place using the map interface provided. Hence, multiple approximate points could refer to the location of the same place instance. The problem is related to the size of the geographic places considered. For example, it is harder for a user to identify a point representing a city than a point representing an individual building. The problem is also related to the scales of the maps offered to users and the complexity of matching precise locations across different map scales. 2. Imprecise, vernacular and multilingual place names, where users commonly use non-standard names and abbreviations for geographic places. Hence, multiple names are used to refer to the same place instance, e.g. "Cardiff" and "Caerdydd".
The above problems lead to misclassification and duplication of place resources in the folksonomy which would affect its quality. Hence, a process of clustering similar place resources is needed to enhance the certainty of the contained information in the folksonomy. A two-step clustering process based on the analysis of assigned spatial location and place names is used as follows: 1. First a spatial clustering process is applied using a spatial similarity measure to group place resources based on their relative proximity. 2. This is followed by a textual clustering process to isolate resources from the identified groups above based on similarity of given place names.
Spatial Clustering: The main objective of using a spatial similarity measure is to find place instances that are in close proximity to each other. This can be achieved using cluster analysis algorithm or by consulting external reverse geocoders to assign a unique area code for each place resource, and then area codes can be used as cluster identifiers. The quality threshold (QT) clustering algorithm [16] is used here. It has the advantage of not requiring the number of clusters to be defined apriori, compared, for example, to other classical clustering approaches, such as the K-means clustering [10] . In general, the QT algorithm assigns a set of objects into groups (or clusters), where objects in the same cluster satisfy a pre-defined threshold function. In our case, place resources are added to a cluster if they are located within 500 m from the centre of that cluster. Two methods are considered for reverse geo-coding the point locations of place resources (i.e. to identify a place given its spatial location); the Yahoo Where on Earth ID ( WOEID) service and a postcode reverse geocoding service. The WOEID web service provides a unique identifier for any geographic location based on the closest street to that location. Hence, place resources with the same WOEID can be considered close, as they all have a common closest street. The postcode reverse geo-coding service, published by GeoNames 19 , provides a method that returns the postcode of any given spatial location. The service is used to resolve the postcodes of the places resources used in this experiment.
In Table 2 , place resources are shown representing the clock tower of "Big Ben", located in the Palace of Westminster in London. Each resource is shown with its derived WOEID and postcode. As shown in the table, all instances are grouped into one WOEID, while the postcode divides the resources into two groups, with a common district-level code (SW1A), but separate unit-level codes. The unit-level postcode divisions are too restrictive in this context. Also, the district-level postcodes are much too broad and are also likely to produce wrong clusters. In addition, postcode systems vary from one country to another, whereas the WOEID system of identification is more universal. All the resources in the table were identified as belonging to a single cluster using the QT clustering.
Further experimentation with the data set confirmed that both the qualitative clustering using the WOEID and the QT clustering method are both highly successful in producing correct clusters. The QT method is, however, computationally expensive with a time complexity of O(knt dist ) where k is the number of clusters, n is the number of place resources and t dist is the time needed to calculate the distance between the place resources, which limits its application for large data sets.
Textual Clustering: After an initial clustering of place resources using their spatial location, a second step of filtering out the clusters is applied based on place name similarity. The Levenshtein distance [21] is a method used for measuring text similarity. The Levenshtein distance or "edit distance" between two strings is the minimum number of edits needed to transform one string into another, where the allowed edit operations are insertion, deletion or substitution of a single character. Unlike folksonomy tags, a place name can be made up of multiple words, e.g. "Cardiff University" and in some cases the words are used in different order, e.g. "University of Cardiff". The traditional Levenshtein distance between these two names will be high and they will not be detected as similar. An improved version of the Levenshtein distance [12] , that is based on the word level matching as opposed to character level matching, is used here and is defined as follows.
where σ t is the text similarity to be calculated, n is the place name of the resource r i , LD is the Levenshtein distance function and Max is the maximum length of place names of the instances compared.
Tag Resolution Stage
The tag resolution stage involves a process of tag classification and filtering of tag collections. In particular, the process is guided by pre-defined assumptions of possible semantics associated with the resources.
Hence, the tag resolution stage involves, first, identifying and collecting place type and place activity reference data sets and using those as bases for matching and classification of the tag collection.
Building Reference Data Sets
A place type is a basic concept used for classification purposes in any place gazetteer. Here, two different sources are used for collecting place type information, (a) an official data source, produced by the OS, the national mapping agency of Great Britain, and (b) the GeoNames web gazetteer. The OSBP ontology that is used to describe building features and place types surveyed with the intention of improving use and enabling semi-automatic processing of this data. OSBP provides over 200 place types (such as University, Hotel, Market and Stadium). Geonames also have a place ontology that associates places with a hierarchy of place type represented as feature codes. Geonames provides over 600 unique feature codes (such as Store, School and University). Identifying possible human activities associated with a place is a not a simple task. Some research work has addressed this issue previously [4] , where an approach was shown to automatically extract possible types of services and activities from definitions of place types. Here, two resources are also used for identifying possible human activities that can be associated with geographic places: (a) the OSBP ontology includes a property os:purpose that are defined by experts to represent the possible service(s) associated with the place types, and (b) the OpenCyc ontology 20 , an open source version of the Cyc project that assembles a comprehensive ontology of everyday common sense knowledge. Each place type in the OSBP ontology is attached with one or more purpose. Table 3 shows example records of the place type and purpose associations. The OpenCyc ontology contains human activity concepts and offers a classification of different possible activities as follows: (cyc:HumanActivity, cyc:CommercialActivity, cyc:OutdoorActivity, cyc:RecreationalActivity, cyc:Cultural Activity). Figure 3 shows a sample of the SPARQL queries used to retrieve the activity types from both ontologies. Approximately 400 distinct activities are retrieved from both ontologies. Examples of the extracted place activities are: Boating, Eating, Fishing, Traveling, Working and Walking.
Matching Tags
To match the tags in the folksonomy to the extracted lists of place types and place activities, the lists are first prepared as follows. Types of activities composed of multiple words are concatenated and added to the list. For example, the place type "Coffee Shop" is transformed to "CoffeeShop". Matching is carried out on stemmed tags against the list of stemmed types and activities, using the Porters stemming algorithm [30] . The corresponding type or activity or both are then added to the ontology. For example, a tag "shop" can match a place type "shop" and a place activity "shopping" and hence both instances are created in the corresponding type and activity ontologies. The matching process resulted in 325 place type instances and 161 place activity instances.
Semantics Association and Ontology Building Stage
In this stage, the identified tag collections are structured in two steps. Firstly, subsumption relationships within individual tag collections of place types and activities are extracted and used to populate their respective sub-ontologies, and secondly, inter-relationships between types and activities are derived using the folksonomy structure. The place ontology is then populated with the resources and their associated tags from both the type and activity ontologies. Thus, the resulting place ontology reflects the associations between tags, resources and users in the folksonomy. The final step in this stage is enriching the place instances with the user sentiments.
Inferring Subsumption Relationships
This process infers the subclass hierarchical relationships in place type ontology instances and in place activity ontology instances represented by the properties po:subPlaceTypeOf and po:SubPlaceActivityOf. A probabilistic model of subsumption, originally introduced by Sanderson and Croft [33] , can be used to derive concept hierarchies from text documents where for any given concepts/tags x and y: x subsumes y if P(x|y) ≥ 0.8 and P(y|x) < 1
In other words x subsumes y if all the documents which contain y is a subset of the documents that contain x. This model was extended for folksonomies [34] by including users and resources in the subsumption equation as follows. x subsumes y if
P(x|y) >= t and P(y|x)
where t is the co-occurrence threshold, R x is the number of resources tagged using x, and U x is the number of users that use the tag x. In [34] , it was proposed to set R min to a value between 5 and 40, U min to a value between 5 and 20, and the threshold t to 0.8, similar to the value determined empirically in [33] . The model was applied on the identified type and activity collections, resulting in the creation of 162 subsumption relationships, of which 143 are between place types and 19 are between place activities.
Inferring Inter-Ontology Relationships
Relating two tags in a folksonomy can be achieved by measuring the similarity between them in the sense that the higher the similarity value between two tags, the more related they are. Cosine similarity is used to measure the similarity between tags based on their co-occurrence with users and resources in the folksonomy [24] as follows.
where t i represents a tag and R i represents the resources associated with the tag t i in the folksonomy. A po:relatedPlaceType relation is created in the place ontology between a place activity instance and a place type instance if the Cosine similarity between their corresponding tags was found to be equal or above 0.8, a threshold found empirically to be sufficient in this work. A total of 393 relationships are created, linking instances between the place type and the place activity sub-ontologies.
The process of building the place ontology involves linking the results from all the previous sub-processes and populating a place ontology with the identified semantics. A place instance of type (po:Place) is created for every place cluster in the restructured folksonomy and its properties are populated as follows.
-po:hasName: is the most commonly used place name among the folksonomy place resources in the cluster. -po:alternateName: each distinct name of the folksonomy place resources in the cluster other than the most commonly used name is represented by this property. -po:description: is a concatenation of the comments attached to folksonomy place resources in the cluster. -wgs84:long and wgs84:lat: is calculated by finding the centre location of the folksonomy place resources represented by the cluster.
Associating User Sentiments
Folksonomy tags can reflect the opinions of users about places. The aim of sentiment analysis in this step is to calculate the sentiment score for each place resource in the folksonomy. The sentiment score for a place resource measures the positive, negative or neutral users' opinions about this place. Sentiment analysis has been used in similar research works to capture users' opinions from the interaction and collaboration activities on Web 2.0. Research works on microblogs [28] , more specifically Twitter, target the problem of capturing users' opinions from posts of similar structure. In contrast to previous work, the sentiment analysis method developed here considers the influence of users and their tagging behaviour in the equations as described below. A semantic classifier based on the Naïve Bayes classifier is used here. It assumes conditional independence among features (tags in this context), which is fitting with the nature of folksonomies. Unlike other classifiers (such as support vector machines), it requires a small amount of training data. The classifier is based on Bayes' theorem as follows:
where S is a sentiment, T i is a tag and n is number of tags associated with the place resource. Assuming an equal probability of positive, negative and neutral opinions, the equation can be simplified as follows:
The output of the classifier depends on the way the features are selected. Here, a simple class feature model is used. However, considering different feature models such as N-Grams can be tested in the future. The data used to train the classifier is the AFINN wordlist [14, 27] which contains 2,477 words and phrases with valence between −5 and +5. Sentiment classes are defined as follows; a positive class includes words with valence between +5 and +1, a neutral class with valence of 0 and a negative class with valence between −1 and −5.
After training the classifier, the following algorithm is applied to calculate the sentiment score for place clusters using the tags assigned to each place cluster.
The algorithm starts by retrieving all the place resources in the dataset and finding the associated users for each place resource. For each place-user pair the associated tags are retrieved and stored in the tagSet. The tagSet is used to calculate the sentiment scores for each place-user pair using the trained classifier, and then the average score is assigned to the place resource to neutralise the influence of individual user's scores. The sentiment score is a real value representing the overall users' sentiment about a place. The value ranges from −1 to +1. Where −1 indicates that all the tags attached to a place are classified as negative sentiments, and +1 indicates that all the tags attached to a place are classified as positive sentiments. The sentiment score is the sum of the classifier output averaged by the number of users who annotated a given place. For example, a sentiment score with value 0.8 indicates a strong positive sentiment value while the value −0.2 indicates a weak negative sentiment value. An evaluation of the sentiment analysis process is presented in the following section.
Results and Evaluation
The folksonomy dataset collected using the developed crawler contains 22,126 place instances in the UK and USA, 2,930 users and 12,808 distinct tags. The total number of folksonomy records is 68,437. A total of 10,119 unique WOEIDs were derived for place resources in the folksonomies. The text similarity is calculated between all place resources in each spatial cluster, all place resources having text similarity less than 80 %, empirically found to be sufficient for the purpose of the present study, are filtered out from the cluster. The data cleaning stage resulted in identifying 19,614 clusters and corresponding unique places resources. Approximately, 11 % (2,512) of the total number of place resources were merged. Table 2 . In Fig. 4 , the place resources are colour-coded according to the identified WOEID spatial clusters. In Fig. 5 , the same resources are shown in different clusters after applying the textual clustering method. The bounding box in Fig. 4 has a diagonal of about 750 m and includes all resources with same WOEID. The box in Fig. 5 contains only those resources that refer to the place Big Ben and spans an area of approximately a 1/3 of the first box. Figure 6 shows the results of classifying the tags using the proposed framework. 32 % of the tags are place names. 18 % of the tags were classified as user's opinions and are processed by the sentiment analysis process. 2 % of the tags correspond to place types and 3 % correspond to place activities. The rest of the tags (45 %) do not fit in any of the above categories.
The distribution of the tags in the geo-folksonomy dataset follow a power law distribution. The frequency of tag usage is shown in Fig. 7 , where it is can be seen that more than 85 % of the tags are used less than 5 times. This is similar to the results reported by other empirical studies [8] . It is noted that although the percentages of place type and activity tags are low, these tags are used more frequently than unclassified tags as shown in Fig. 8 , which plots the frequency distribution of the ten most used tags in each category. Table 4 lists the top ten frequently used tags in each category. 79 % of the unclassified tags contribute to the long tail of the Zipf frequency graph as they were found to be used only once or twice. The unclassified tags include possible reference to temporal concepts, such as 2008 and summer, possible abbreviations (e.g. st. for street), or noise (e.g. two letter words: nv, vc, x y). The tag resolution stage resulted in identifying 346 activity types in the folksonomy, using a set of approximately 400 activity types in the reference data sets. It is interesting to observe that although 927 tags are identified as verbs using WordNet, only 107 of those corresponded to possible activity types from the compiled list using the external ontology resources. Some examples of the unclassified verb tags include arm, arrest, assign, back and coin. Figure 9 shows a subset of the derived place semantics, in which 24 place types and 16 place activities are presented and their corresponding association and subsumption relationships.
Evaluating the Data Preparation Process
To evaluate the effectiveness of the proposed tag cleaning and place clustering stage, the information gain is calculated for the geo-folksonomy before and after using the proposed methods. Shannon's information gain [36] is used to measure the uncertainty in the folksonomy structure as follows: where t is any given tag. m is the number of places annotated by the tag t and p(x i ) is defined as:
where w t,x is the weight of the link between t and place x. The value of p(x i ) increases if the number of user assigning tag t to place x increases and vice versa. High values of p(x i ) indicate a high degree of certainty (lower information gain) of using tag t with place x i . I (t) was calculated to be 4,011.54 before the clustering stage and 3,442.716 after the clustering stage; a reduction of approximately 14 %. The reduction in uncertainty is caused primarily by the regions that have increased place annotation activities where it is likely for multiple users to annotate the same place using similar names. Table 5 shows a sample WOEID regions, the number of places in each region and the information content before and after using the proposed method.
User-Based Ontology Evaluation
A possible approach to ontology evaluation is to compare it to a "golden standard" which itself can be an ontology. The OSBP ontology is used here for demonstration. Figure 10 compares the semantics related to the place type "Tourism Attraction" as defined in the OSBP ontology to those related to the place Type "Tourism" in the derived place ontology.
As can be seen in the figure, only one "purpose" (entertainment) is associated with the "Tourism Attraction" place type in the OSBP ontology, whereas a much richer set of relationships is identified in the place ontology, reflecting the usage of the concept in the specific folksonomy dataset ("Tourism" is related to 6 other place types and 4 place activities). However, it should be noted that an absolute comparison is not realistic as both ontologies serve different purposes and, as suggested previously, the ontology derived from the folksonomy is dynamic and its structure is likely to change with time. To further evaluate the derived ontology, a questionnaire was designed to assess the quality of the derived concepts and their relationships. Five different places in London, UK, corresponding to different possible place types, were chosen, namely, Hyde Park, Marriot Hotel, Tesco, Wagamama and the Imperial War Museum. The geographic region was chosen primarily, because of popularity and as such more users were likely to be aware of the place names and secondly because of the density of the associated tags in the folksonomy. The questionnaire was issued to university students over a period of 4 weeks. 53 students participated in the survey, of which 76 % were male users, approximately 90 % were under 29 years old, 96 % of users have a degree above high school, 65.9 % were familiar with London and 80.4 % were native English speakers.
Two types of questions were asked for each place. The first type of questions aimed at evaluating the quality of the relationships between concepts. Figure 11 shows the responses of participants on questions about place-type relationships.
The second type of questions aimed at evaluating misclassified tags by asking the user to suggest a classification for tags co-occurring with the place resource, as either a place type, a place activity, a related concept or a non-related concept. Figure 12 shows the results of the second type of questions for the place "Hyde Park". Users' responses are used to calculate the recall, precision and F1 measure for evaluation. Table 6 lists the number of true positives, false positives, true negatives and false negatives used to calculate the precision (0.8), recall (0.5) and F1 (0.615). The experiment suggests a correlation between the derived ontology and users' perception of places and related semantics. Finally, the survey also questioned the users' experiences, or impressions (if they did not visit the places), with the five places. The responses again correlated with the output of the sentiment classifier. Though the experiment is limited, the results are promising and indicative of the validity of the methods. However, a larger experiment can be pursued in the future. 
Quantitative Ontology Evaluation Using Semantic Similarity
A quantitative evaluation experiment was designed here to measure the level of agreement between the semantics represented by the place type and place activity sub-ontologies on one side and the general semantics on the web on the other side. The measure of semantic relatedness (MSR) web service [41] provides a set of methods through web-based API interface to calculate the semantic relatedness between two terms 21 . Although the MSR provides different methods of calculating the semantic relatedness, all of them are based on the same theory. The MSR assumes that the strength of the relation between two terms is proportional to the number of times the two terms co-occurred together in the same documents on the web. MSR does not employ any semantic analysis approaches and is based only on co-occurrence of the terms. It assumes that the existence of two terms in the same document implies they are in the same context. Hence, the more frequently they appear together, the more they are semantically related. The performance of the different MSR methods in terms of quality and accuracy is found to be dependent on the size and type of the input data [23] . More details and comparisons about the different MSR methods can be found in [11] . In this experiment, the point-wise mutual information (PMI) [39] and the normalised search similarity (NSS) [25] methods are chosen to evaluate the quality of the derived tag relationships. Both methods can measure the semantic relatedness among terms in large datasets. Place type relationships as well as place activity relationships are evaluated using both the PMI and the NSS methods. First, a set of SPARQL queries are used to retrieve the relations along with the concepts they connect. The appropriate MSR API functions use the two concepts of each relation to calculate the semantic similarity between them using the Google's search engine. The PMI and NSS values are computed for 500 relationships. Figure 13 shows a graph of the output of both measures along with their corresponding trend lines. Both measures show a high degree of relatedness between the identified tag relationships with average values of 0.86 for PMI (and standard deviation of 0.16) and 0.77 for NSS (and standard deviation of 0.1). The figure also shows the corresponding trend lines of both measures. Table 7 illustrates the results of the experiment by showing a sample of the measures of PMI-G and NSS-G for ten relationships. The experiment demonstrates the likelihood of the validity of the place semantics automatically extracted from the geo-folksonomies; i.e. that the extracted semantics are found to be similar to those expressed in general web documents.
The SemTag Application
To demonstrate the utility of the proposed framework, an application, called SemTag, was developed to display the derived place semantics. For comparison, these were displayed alongside the tag cloud for any given place resource. A tag cloud is used on social applications to display the most popular tags associated with a resource, regardless of how they are semantically related to that resource. The screen shot in Fig. 14 shows part of the user interface displaying the tag cloud and the derived place types and activities for the place "London Eye". Note how the place type "tourism" and the activity "travel" are identified with this point of interest, but are not included in the tag cloud.
A sentiment meter gadget is also implemented and presented on the interface to visualise the sentiment score of a place, as shown in Fig. 14 . The gadget is a 'progress bar'-like component where colour is used to distinguish the score level; a red colour for a low sentiment score and a green colour for a high sentiment score.
The application demonstrates the possible utility of the proposed framework, where it can be envisaged that the derived place semantics may be used to refine search queries and combined with the sentiment score be used to rank the retrieved search results. 
Conclusions and Future Work
Users' interactions and collaborations on Web 2.0 mapping applications generate geo-folksonomies. Geographic places are annotated with different kinds of place semantics, including vernacular place names, place types and activities people participate in, events, as well as personal opinions. Much interest has emerged in the GIR community in the creation and population of place name resources to facilitate and enhance the search and retrieval of geographically referenced information. These works focus primarily on finding place names and geographic locations of place instances. Geo-folksonomies embed rich user-oriented place semantics, which if discovered, can potentially lead to much richer place knowledge resources and more personalized search and retrieval of web information content.
The work in this paper combines and extends research works in the general area of folksonomy analysis and the area of discovering place semantics from web resources. A model of place is utilised that captures, in addition to basic spatial representation of location, the notion of place affordance and allows for the representation of possible association of a place resource and multiple place types, place activities and inter-relationships between types and activities. The model is used as a base for a framework for discovering place-related semantics from geo-folksonomies.
Existing ontological resources were used in a tag resolution stage for matching and identification of place type and activity concepts. A process of semantic association with the filtered tags was then designed to extract relationships between their corresponding concepts and to build representative place ontologies. Subsumption models, folksonomy analysis and tag similarity methods were used to guide this process, resulting in the extraction of a significant number of different types of relationships between place types and place activities and their inter-relationships. The resulting place ontology thus associates specific place instances with possibly multiple place types and place activities, directly associated or inferred as a consequence of derived relationships. The resulting ontology represents the "wisdom of the crowd" of users in the folksonomy and is shown to reflect a much richer structure of concepts and relationships than those defined in a formal data source produced by experts. A limited user experiment confirms the validity of the results.
The overarching goal of this work is to build dynamic user-generated place gazetteers that can be used to resolve geographic place concepts in search engines and questionanswering systems. The main contribution of this paper is the proposal of framework and demonstration of how this goal can be achieved. However, much more work still needs to be done. In particular, some possible extensions of the work include: a more detailed study of the unclassified tags in the folksonomy to identify more useful concepts, employing more ontological resources, for example, ConceptNet 22 to resolve tags, extension of the place model to include the time dimension to reflect the dynamic nature of the evolution of the folksonomy structure and further evaluation of the resulting semantics and their utilisation in useful application on the semantic and social web.
